Abstract A dataset consisting of 70 surface pollen samples from forest, alpine meadow, alpine steppe, temperate steppe, desert steppe, shrub/semi-shrub steppe and desert sites in the Tianshan Mountains, northwestern China provides an opportunity to study the relationships between surface pollen assemblages and modern vegetation and climate in this region. Redundancy analysis (RDA), the human influence index (HII) and pollen ratios were used to facilitate analysis of the pollen data. The modern pollen assemblages are primarily composed of Picea, Artemisia, Chenopodiaceae, Poaceae, Asteraceae, Nitraria and Ephedra. The results suggest that the surface pollen assemblages of different vegetation types largely represent the modern vegetation in terms of the primary taxa and dominant types. The RDA indicates that the mean annual precipitation (MAP) and the July temperature (T July ) are the major climate variables that control the modern pollen assemblages. Picea, Artemisia, Poaceae, Cyperaceae, Fabaceae, Asteraceae, Polygonaceae and Apiaceae pollen assemblages are positively correlated with MAP and negatively correlated with T July , while the pollen ratios for certain other types, such as Chenopodiaceae, Ephedra and Nitraria, are negatively correlated with MAP and positively correlated with T July . The arboreal/non-arboreal ratios are notably high in the forest samples, indicating a sensitive response to forest vegetation. Moreover, the Artemisia/Chenopodiaceae pollen ratios are generally correlated with the vegetation type and annual precipitation change, suggesting that these factors could be useful indicators of moisture variability in arid regions. However, it is difficult to distinguish between steppe and steppe desert based on this ratio, due partly to human disturbance. The HII is significantly correlated with certain pollen taxa, including Poaceae, Plantago, Polygonaceae and Elaeagnaceae, particularly in the alpine meadow and steppe samples. Our results have implications for interpreting the available fossil pollen data in the study region and other arid and semi-arid regions.
Introduction
The Xinjiang region has attracted considerable attention in global change studies due to its sensitivity to environmental change (Sun et al. 1994; Thomas et al. 1996; Liu et al. 2008; Rudaya et al. 2009; Li et al. 2011a, b) . Because they are one of the largest mountain systems in Xinjiang, the Tianshan Mountains have a substantial effect on climatic processes and the hydrologic cycle in Central Asia. Xinjiang is an important region for high-resolution palaeoclimatic studies because different climate systems interact and control regional climate variability in this region (Mathis et al. 2014) . Fossil pollen analysis has been one of the most widely used approaches to reconstruct palaeovegetation and palaeoclimate records. Understanding the relationships between modern pollen assemblages and present-day vegetation is critical for interpreting fossil pollen records. Recently, Xu et al. (1996) presented modern pollen data for the southern slope of the Tianshan Mountains and calculated the R value of major pollen taxa. Their results show that the R values of Ephedra, Artemisia and Chenopodiaceae are [1, while Poaceae and Cyperaceae are \1. Similar studies have also been conducted in the central Tianshan Mountains; these studies have suggested that uplifting air in the valley plays an important role in the distribution of pollen in topsoil in the higheraltitude vegetation zones . discussed the distribution of Picea pollen in topsoil in different vegetation zones. Luo et al. (2009) presented a modern pollen-vegetation dataset based on surface soil samples in the Altay Mountains, the Junggar Basin, the eastern Tianshan Mountains, the Tarim Basin and the Kunlun Mountains. Their results indicated that Chenopodiaceae and Artemisia pollen was dominant and was well correlated with the dominant vegetation community in these regions. However, detailed information on surface pollen and its relationship with present-day vegetation remains sporadic for the Tianshan Mountains. Quantitative relationships between modern pollen and climate variables are needed for this region in order to better interpret fossil pollen data and to quantitatively reconstruct climate.
Human effects are pervasive in most ecosystems of the world. It has been estimated that more than 75 % of the Earth's ice-free area has been modified by human activities; these regions can be considered as 'anthropogenic biomes' (Ellis and Ramankutty 2008) . Research in recent years has shown that human impacts are not only driving current and future environmental changes, but have also played significant roles in environmental changes in the Holocene (Edwards and MacDonald 1991; Ruddiman et al. 2008; Kuneš et al. 2008) . Understanding climate-human-environmental interactions at local and regional scales is the foundation for fully understanding environmental changes at a global scale; moreover, resolving our past is an essential element in predicting the future (Dearing 2006) . Located in Central Asia, Xinjiang served as one of the crossroads of ancient east-west economic and cultural exchange. Agriculture activity based on oases and meadows has sustained the development of the local people for thousands of years in the Tianshan Mountains. However, little is known about the impact of human activities on the vegetation and surface pollen spectra in the Tianshan Mountains.
We present modern pollen assemblages for 70 surface topsoil samples from the Tianshan Mountains. Our objectives are as follows: (1) to obtain a better understanding of the relationships between modern pollen assemblages and both the source vegetation and regional climate in the Tianshan Mountains based on redundancy analysis (RDA) and pollen ratios and (2) to explore relationships between human effects and surface pollen assemblages in different vegetation zones within the Tianshan Mountains. This work provides a basis for the reconstruction of palaeovegetation and palaeoclimate records in this region and in other arid and semi-arid regions in surrounding area.
Regional setting
Our study area extends from 41°45 0 N to 44°55 0 N and from 81°00 0 E to 93°50 0 E, with elevations ranging between 191 and 3,318 m (Fig. 1) . The mean annual precipitation (MAP) varies from 307 mm in the Tianshan Mountains to less than 67 mm along the northern margin of the Tarim Basin. The Tianshan Mountains have a continental climate that is characterized by highly variable daily and annual temperatures. Moreover, there is a strong seasonality in the ambient air temperature, ranging from -29°C in winter to 27.8°C in summer (Hijmans et al. 2005) .
Seven major vegetation zones in the Tianshan Mountains have been defined in the Vegetation Atlas of China (Hou 2001) . Alpine meadows are mainly composed of Kobresia humilis, Carex, Stipa, Potentilla fragarioides, Leontopodium and Oxytropis. Mountain forest vegetation is dominated by Picea schrenkiana, Betula and other broadleaf trees. Alpine steppe regions are dominated by Poaceae, Carex, Asteraceae, Artemisia, Fabaceae, Polygonaceae, Oxytropis, P. fragarioides and Daucus carota. Both temperate steppe and desert steppe areas are dominated by Poaceae, Oxytropis, Artemisia, P. fragarioides, Taraxacum officinale, Achnatherum splendens, Leontopodium, Alhagi sparsifolia and Peganum harmala. Shrub/semi-shrub desert and desert regions primarily consist of Tamarix ramosissima, Hippophaë rhamnoides, Fig. 1 Map showing the sampling site locations in the Tianshan Mountains, northwestern China. Red triangles are the locations of previous studies including Baluntai (Xu et al. 1996) and Urumqi Haloxylon ammodendron, Ephedra, Chenopodium glaucum, Allium mongolicum and Artemisia.
Previous studies in semi-arid China indicated that due to over-grazing and over-cultivating, Leymus chinensis, Stipa sp. and A. splendens-dominated grassland is usually replaced by Cleistogenes squarrosa, Artemisia frigida, Potentilla, Stellera and P. harmala (Li 1997) . Grazing livestock and farming are the major ways of human impact on regional vegetation in the Tianshan Mountains. Pastoral activities may exert impact on vegetation in two ways. The first is the reduction of those plants that are vulnerable to heavy livestock trampling. The second is the change of soil property and growth of nitrophilous species due to animal dung accumulated in pasture (Li et al. 2008) . Some plants such as Plantago depressa, Taraxacum sp., Sonchus brachyotus, Rumex crispus, A. frigida, Tribulus terrestris and Stellera chamaejasme are common in grazed sites.
Materials and methods

Field work
We collected surface pollen samples from 70 sample sites in the aforementioned vegetation zones. The location of each plot was determined using GPS. In each of the five spruce forest vegetation sites, we surveyed one 10 9 10 m 2 quadrat for the tree layer, the quadrat size for shrubs was 5 9 5 m 2 and for grasses it was 2 9 2 m 2 . The vegetation types and major plant taxa at each sampling site were recorded in the field (ESM Table 1 ). We also recorded the degree of human disturbance. At each site, topsoil was taken randomly from each quadrat, and was then mixed and sealed into a plastic box as one site sample.
Pollen analysis
The standard procedure outlined by Faegri and Iversen (1989) was used to chemically treat 10 g of each sample (dry weight). 10 % HCl was used to dissolve calcareous minerals, while 10 % NaOH was used to remove the humic components. Pollen was concentrated using a heavy liquid solution (KI ? HI ? Zn) with a specific gravity of approximately 1.9 g/ml. Finally, cellulose and humic debris were removed by acetolysis and fine sieving used to remove clay-sized particles. Pollen taxa were identified under an optical microscope at 9400 magnification. Approximately 400 terrestrial pollen grains per sample were counted and used as the pollen sum for pollen percentage calculations. Pollen diagrams were made using Tilia and Tilia-Graph software (Grimm 1991).
Numerical analysis
There are only seven local meteorological stations available in our study region; modern site-specific climate data were extracted from the WorldClim dataset with a spatial resolution of 30 arc-seconds (Hijmans et al. 2005) . Two important climate parameters, i.e., the MAP and the July mean temperature (T July ), were used in this study. A correction to the values was made according to calculated elevation-based local lapse rates using the difference between the altitudes of the climate stations and the sampling sites.
Ordination techniques have been widely used for analyzing relationships among pollen taxa, vegetation data and environmental variables (Schofield et al. 2007; Zhao et al. 2007; Zhao and Herzschuh 2009; Zhang et al. 2010) . A detrended correspondence analysis (DCA) was initially performed to estimate the underlying linearity of the data. The DCA results show that the gradient lengths of the first four axes are less than 2.02 SDs, suggesting that the underlying responses are linear. Therefore, we chose the RDA technique to explore site-to-site similarities and the primary taxonomic variation patterns among the samples. The RDA was processed using the Canoco software package (Ter Braak and Š milauer 2002) . In this study, only modern pollen assemblages in which the pollen percentage of that taxon exceeded 2 % in at least one sample were used in the numerical analysis. MAP, T July and human influence index (HII) were selected as environmental variables to determine the effects of different environmental factors on the surface pollen distribution.
The Artemisia/Chenopodiaceae ratio (A/C ratio) is often used as a proxy for moisture. Previous studies in the drylands of the Middle East (El-Moslimany 1990) have demonstrated that Chenopodiaceae are indicators of saline or non-saline desert vegetation, whereas Artemisia pollen generally increases with increasing MAP. Thus, the ratio of these two taxa has been used as an index for moisture regimes Liu et al. 1999; Li et al. 2005; Zhao et al. , 2012 . In our study, the A/C ratio was calculated to understand the response of this ratio to changes in MAP within vegetation zones in the study area and to determine if the A/C ratio can be used for semiquantitative palaeoclimate reconstructions.
Surface pollen studies are critical for quantitative reconstruction of past temperature and precipitation using the pollen record. However, human influence on vegetation is a potential confounding factor in pollen-based quantitative climate reconstructions (Birks and Seppä 2004) . Therefore, in this study we employed HII values to detect the impact of human activities on surface pollen. HII values for individual pollen sampling sites were derived from the global HII dataset with a spatial resolution of 1 km 2 (Sanderson Veget Hist Archaeobot (2016 ) 25:19-27 21 et al. 2002 . This dataset has been produced by synthesizing several indices that reflect the intensity of human effects, such as the human population density, infrastructure (including built-up areas and land use), and accessibility (such as coastlines, roads, railways and navigable rivers). The HII values range from a minimum of 0 to a maximum of 64 (Sanderson et al. 2002; WCS/CIESIN 2005) .
Results
Pollen assemblages
Forty-seven pollen taxa were identified from the 70 surface samples (Fig. 2) . Arboreal pollen assemblages are dominated by Picea. The total tree pollen percentages in the mountain forest samples are primarily [50 %, while the tree pollen percentages are \25 % in the adjacent alpine meadow and steppe zone samples, and \10 % is common for the samples collected in the other vegetation zones. The shrub and herb pollen percentages are primarily [85 % in the non-arboreal vegetation samples and are dominated by Artemisia, Chenopodiaceae, Cyperaceae, Poaceae and Ephedra; some Asteraceae, Fabaceae, Rosaceae, Ranunculaceae, Caryophyllaceae, Nitraria and Tamaricaceae are also present. The abundance of each pollen taxon varies according to the different vegetation types. At the mountain forest sampling sites, the pollen assemblages are dominated by Picea (50.8-82.6 %; median 71.3 %). In the alpine meadow samples, the most abundant pollen type is from Cyperaceae (up to 87 %, median 45 %), while other common pollen types include Artemisia, Chenopodiaceae, Poaceae, Caryophyllaceae and Thalictrum. The pollen assemblages in the alpine steppe samples are dominated by Artemisia (up to 54.1 %; median 23.8 %), Chenopodiaceae (up to 27.3 %; median 15.3 %), Poaceae (median 11.5 %) and Cyperaceae (median 9.2 %), with some Picea (4.3 %), Asteraceae (3.6 %) and Ephedra (3.1 %). The temperate steppe samples are dominated by Chenopodiaceae (up to 84.4 %, median 31 %), Artemisia (up to 57.1 %; median 16.8 %), Poaceae (median 6.7 %), and Asteraceae (median 2.5 %). The steppe desert samples exhibit abundant Chenopodiaceae (mean 41.6 %) and Artemisia (mean 33.4 %). In the shrub/semi-shrub desert and desert samples, the mean percentage of Artemisia decreases to 14.7 %, whereas the percentage of Chenopodiaceae increases to 52.1 %. Moreover, Ephedra (up to 46.5 % at sites with Ephedra przewalskii communities), Tamaricaceae (up to 18.5 % at sites with T. elongata communities), and Zygophyllaceae (up to 39.7 % at sites with P. harmala communities) are found in these regions.
Nitraria, Poaceae and Asteraceae are present in low abundances, while Picea is frequently present in these regions (mean 3.8 %).
The AP/NAP ratio is 2.8 in the mountain forest samples, 0.04 in the alpine meadow samples, 0.09 in the alpine steppe samples, 0.07 in the temperate steppe samples, and 0.06 in the steppe desert, shrub/semi-shrub desert and desert samples. The mean A/C ratio is 1.2 in the mountain forest and alpine meadow samples, while the mean is 1.7 in the alpine steppe samples, 1.0 in the temperate steppe samples, 0.8 in the steppe desert samples, 0.6 in the shrub/ semi-shrub desert samples and 0.2 in the desert samples.
Numerical analysis results
The RDA ordination for surface pollen percentage of the 31 taxa with environmental factors (Fig. 3) shows that all climate variables are statistically significant in relation to the variance in pollen data (P \ 0.03), with MAP capturing the largest proportion (ESM Table 2 ). The first axis (eigenvalue = 0.225) explains 76.2 % of the variation in the dataset. The correlation between the first axis and the species-environmental variables is 0.742. The second axis (eigenvalue = 0.04) explains 18.28 % of the variation, the correlation between the second axis and the species-environmental variables being 0.576. MAP and T July are the primary factors that control the variations found in the surface pollen data for the Tianshan Mountains (Fig. 3a) . HII exhibits smaller correlations with the two axes (i.e., -0.41 and 0.62), implying that the effects of changes in the HII are less significant than changes in MAP and T July on the surface pollen distribution. However, HII is significantly correlated with some taxa, including Poaceae, Plantago, Polygonaceae and Elaeagnaceae. Some alpine meadow and alpine steppe samples are also correlated with the HII (Fig. 3) . Therefore, human influences may partially affect surface pollen assemblages in the alpine meadow and alpine steppe regions of the study area (Fig. 3) . Human influences are also reflected by changes in Poaceae, Plantago, Polygonaceae and Elaeagnaceae pollen due to the good correlation between these pollen taxa and HII values.
The RDA results based on surface pollen samples indicate that the first axis primarily grouped most samples into two categories, i.e., alpine meadows/steppes and steppe deserts/deserts. In the sample-environment biplot (Fig. 3a) , the lengths of the arrows for the climatic variables approximately correspond to their relative importance in the pollen variance, while the orientation shows their approximate correlations to the ordination axes and c Fig. 2 Modern pollen assemblages based on surface samples obtained from the Tianshan Mountains, northwestern China the climate variables. MAP is closely related to the negative first axis, while T July is positioned to the right of the first axis. Moreover, the pollen sample sites with high MAP are generally positioned to the left of the first axis in the RDA biplot (i.e., sites in spruce forests, alpine meadows, alpine steppes and most temperate steppe regions), while the pollen sample sites with low MAP and high T July are located to the right of the first axis (i.e., sites in steppe deserts, shrub/semi-shrub deserts and deserts).
The taxa biplot of the RDA results (Fig. 3b) indicates that the samples from various vegetation types are dominated by different taxa. The pollen assemblages from the mountain forest samples are dominated by Picea, while the pollen assemblages from the alpine meadow samples are dominated by Cyperaceae. The pollen assemblages from the alpine steppe and temperate steppe samples are dominated by Artemisia, Asteraceae, Fabaceae, Rosaceae, Ranunculaceae, Caryophyllaceae and Polygonaceae, while the pollen assemblages from the shrub/semi-shrub desert, steppe desert and desert samples are dominated by Chenopodiaceae, Ephedra, Calligonum, Tamaricaceae, Zygophyllaceae and Nitraria.
Discussion Pollen representation of modern vegetation
Our investigation reveals that the main modern vegetation zones can be distinguished by their modern pollen assemblages in the RDA scatter plots. Picea is the dominant taxon in the mountain forest samples; Cyperaceae are the most important taxa in the alpine meadow samples. Artemisia, Chenopodiaceae, Poaceae and Cyperaceae are the dominant taxa in the alpine steppe samples, while Artemisia, Chenopodiaceae, and Poaceae are the dominant taxa in the temperate steppe and steppe desert samples. In the shrub/semi-shrub desert and desert samples, Ephedra and Chenopodiaceae are the dominant taxa in the pollen assemblages. These results suggest that the surface pollen assemblages generally represent the modern vegetation composition and the dominant taxa; therefore, fossil pollen data can be applied to the qualitative vegetation reconstruction in the region of the Tianshan Mountains.
Picea pollen occurs in most of the collected samples even though no spruce trees are located near the sampling sites. This finding can be attributed to the long-distance dispersal capacity of Picea pollen, suggesting an overrepresentation of Picea pollen. However, the percentage never exceeds 20 % except in the spruce forest samples, implying that [20 % of Picea can represent the local presence of spruce trees in the study region. This result agrees with previous studies in arid regions of China Luo et al. 2009 ).
Pollen from Artemisia and Chenopodiaceae is present with very high percentages in the surface pollen samples and is clearly over-represented. These results agree with the findings of many former studies of surface pollen samples in arid regions of China (Xu et al. 1996; van Campo et al. 1996; Carrion 2002; Herzschuh et al. 2003 Herzschuh et al. , 2006 Yang et al. 2004; Luo et al. 2010; Zhao and Herzschuh 2009) . Poaceae exhibit low percentages in all of the samples even though Poaceae plants are abundant in the steppe vegetation zones (mean 8.4 %), suggesting that its pollen is under-represented. Similar conclusions have been drawn in a few studies in the steppe and desert regions of northern China (Li et al. 2005; Wei et al. 2011) .
Ephedra pollen is present at nearly all of the sampling sites with percentages between 0 and 46.5 %, suggesting that Ephedra pollen has a high dispersal capacity. The abundance of Ephedra pollen is high at the sites containing modern plants and low at the sites without Ephedra plants. Nitraria pollen is primarily found at the shrub/semi-shrub desert and desert sampling sites, suggesting that Nitraria pollen is strongly correlated with its source plants. Our results are consistent with previously published findings from northwestern China and the northeastern Tibetan Plateau (Herzschuh et al. 2003; Wei et al. 2011) .
Relationships between pollen assemblages and climate variables
The RDA results show that the modern pollen assemblages in the study region are primarily controlled by MAP; however, the July temperature also has a significant effect in controlling the vegetation distribution. This result agrees with previously published findings based on modern pollen studies for the Tibetan Plateau and northwestern China (Shen et al. 2006; Zhao and Herzschuh 2009; Li et al. 2011a, b; Wei et al. 2011) . The alpine meadow samples in which Cyperaceae are the dominant pollen taxa indicate relatively high MAP and low T July . In contrast, the shrub/ semi-shrub desert and desert samples in which Chenopodiaceae, Ephedra, Nitraria and Tamaricaceae are the dominant pollen taxa indicate relatively low MAP and high T July . The spruce forest samples in which Picea is the dominant pollen taxon exhibit relatively high MAP and moderate T July , while the steppe samples in which Artemisia, Asteraceae, Fabaceae, and Rosaceae are the dominant pollen taxa are found at relatively moderate MAP and temperature values.
Pollen assemblages and HII
The RDA ordination reveals that the HII is significantly correlated with Poaceae, Plantago and Polygonaceae pollen. Poaceae pollen is typically high in farmland and enclosed regions and low in degraded grasslands. Liu et al. (2006) collected and analyzed surface pollen samples along moisture and human impact gradients in the steppe zone of East Asia to understand the relationships between climate, human activity and surface pollen assemblages. Their results indicated that severe human disturbance leads to increased Chenopodiaceae percentages (Zhang et al. 2010) .
Research has also shown that the under-representation of Poaceae in surface pollen samples in steppe regions could be the result of human-induced disturbances, such as overcultivation and overgrazing (Ma et al. 2008) . In this study, the HII is correlated with several pollen taxa, including Poaceae, Plantago, Polygonaceae and Elaeagnaceae, particularly in the alpine meadow and steppe samples. Some pollen taxa such as Chenopodiaceae, Plantago and Taraxacum are common in the pollen assemblages from the oasis. It suggests that human influences, including overcultivation and overgrazing, could affect the surface pollen assemblages in the alpine meadow and steppe vegetation zones in the Tianshan Mountains.
Pollen ratios and their climatic indication
In our surface pollen assemblages, AP/NAP is high in forests and low in the other vegetation zones (all less than 0.1). Previous pollen studies of lake-surface sediments have indicated that the AP/NAP ratio is typically highest in forest areas (Herzschuh 2007) . Therefore, the AP/NAP ratio is a sensitive proxy for forest vegetation in the study area; however, the ratio does not decrease when the vegetation type changes from alpine meadow, steppe and shrub desert to desert.
The mean A/C pollen ratios decrease from the alpine steppe samples to the temperate steppe and desert samples (Fig. 4) . Although the mean A/C pollen ratios of the mountain forest and alpine meadow samples exceed 1, they are not the highest of all the vegetation types, which is analogous to the findings of previous work in arid and semi-arid regions of China (Zhao et al. 2012) , while the A/C ratios in most arid and semi-arid regions of China are \0.5 for deserts, 0.5-1.2 for steppe deserts, and [1 for typical steppes (Yan 1991; Liu et al. 1999; Herzschuh et al. 2003; Luo et al. 2010; Li et al. 2011a, b) . Cour et al. (1999) indicated that saline deserts, montane deserts and montane steppes are represented by A/C ratios of \1, 1-2 and [2, respectively on the Qinghai-Tibet Plateau. A surface pollen study on the northeastern Qinghai-Tibet Plateau also showed that A/C ratios are typically [2 in steppe areas, \0.8 in desert areas, and range from 0.5 to 1.2 in desertsteppe areas Wei et al. 2011) . Our results indicate that precipitation is the most important factor that affects the A/C ratio; therefore, the ratio can be used as an indicator of precipitation in the Tianshan Mountains (Fig. 5) . Abundant Artemisia and Chenopodiaceae in the study region also permit the use of the A/C ratio for reconstructing palaeovegetation records. However, A/C varies among the steppe sample sites, i.e., some temperate steppe sample sites exhibit low A/C ratios, which makes it challenging to distinguish between steppe and steppe desert regions. This finding is probably due to the cross-distribution of vegetation in temperate steppes and deserts within the study area. Overgrazing in steppe areas has caused grassland degradation and can account for the high Chenopodiaceae pollen concentrations found at several sampling sites . Therefore, caution must be taken when using A/C ratios to distinguish the steppe from desert steppe in palaeovegetation reconstruction.
Conclusions
The surface pollen assemblages from the Tianshan Mountains are representative of the major vegetation types. Based on RDA, the pollen assemblages are primarily controlled by MAP and T July . The HII is significantly correlated with several pollen taxa, including Poaceae, Plantago, Polygonaceae and Elaeagnaceae, particularly in alpine meadows and steppes. Human influences, including over-cultivation and overgrazing, can affect the surface pollen assemblages. The AP/NAP ratio is very high in forest regions and is found to be sensitive to forest vegetation in the study area. The A/C ratio decreases in the following order in the study area: alpine steppes, steppes, desert steppes, shrub deserts and deserts, with the decrease in precipitation, which suggests that this ratio can be used as an indicator of both vegetation type and moisture. Our results have implications for interpreting fossil pollen records and reconstructing moisture changes in the Tianshan Mountains and other arid and semi-arid regions.
